measurements were usually performed 24 h after transfection.
For RNAi experiments, the growth medium was replaced 1 h before transfection with antibiotic-free medium. siRNAs (mouse PS2, target sequence: GAUAUACUCAUCUGCCAUG; siGENOME RISC-Free Control siRNA) (Dharmacon Research) were added to the transfection mixes to a final concentration of 20 nM. Mfn2-KD was performed in MEFs as previously described (Filadi et al., 2015) . Human fibroblast, in stead, were, electroporated with a final siRNAs concentration of 40 nM. For DRP1 KD, the target sequence SASI_Mm01_00125369 (SIGMA Aldrich) was used at a final concentration of 30 nM.
Electron microscopy analysis
For conventional electron microscopy, cells grown in 35mm plastic dishes were fixed with 2% glutaraldehyde buffered with 0.1 M sodium cacodylate at pH 7.4 for 2h at room temperature. The fixed cells were carefully detached using a plastic cell scraper, collected into eppendorf tubes and centrifuged to obtain the pellet. All samples were then washed three times in 0.1 M sodium cacodylate at pH 7.4 and post-fixed in 1% OsO 4 at room temperature in the same buffer. They were then washed three times in distilled water and stained with 0.5% uranyl acetate over night at 4°C.
The pellets were dehydrated in graded steps of ethanol (50%, 70%, 90%, 100%), 2 times with 100% of acetone and embedded into Epon. Section (60 nm thick) were cut on a Leica UC7 ultramicrotome and examined with a Fei Tecnai 12 BioTwin Spirit transmission electron microscope. Close contacts between ER and mitochondria (distance ≤ 15 nm) were chosen and quantified, based on the fact that the size of the originally proposed Mfn-dependent tethers for these two organelles was similar to that of the Mfn-Mfn tethers for adjacent mitochondria (fully characterized and consisting of 9.5 nm structures; Koshiba et al., Science 2004) . Additionally, and long-(50-100 nm, extension of at least 100 nm in which the two membrane proceed in parallel) distance regions of apposition between ER and mitochondria were also quantified.
Aequorin Ca 2+ Measurements
MEF cells (0.5 × 10 5 ) were plated on coverslips (13 mm diameter), after 24 h were transfected and used for Ca 2+ measurements the day after transfection (or 2 d after transfection for RNAi experiments). Human fibroblasts were plated after electroporation (0.5 x 10 5 cells/coverslip) and used for Ca 2+ measurements after 24 h. Cells were incubated at 37°C with coelenterazine (5 µM) for 1 h in a modified Krebs-Ringer buffer (mKRB, in mM:140 NaCl, 2.8 KCl, 2 MgCl 2 , 1 CaCl 2 , 10 HEPES, 11 glucose, pH 7.4) and then transferred to the perfusion chamber. All the luminescence measurements were carried out in mKRB at 37°C. The experiments were terminated by cell permeabilization with digitonin (100 µM) in a hypotonic Ca 2+ -rich solution (10 mM CaCl 2 in H 2 O) to discharge the remaining unused aequorin pool. The light signal was collected as previously described (Brini et al., 1995) .
To deplete the ER Ca 2+ content partially, the following pre-depleting protocol was applied: after aequorin reconstitution, cells were pre-incubated for fixed time intervals (5-15 min) in Ca 2+ -free, EGTA-containing medium (600 µM) at RT. Alternatively, a sub-maximal dose of the SERCA inhibitor cyclopiazonic acid (CPA, 1 µM) was added to control cells during the standard aequorin reconstitution protocol (Fig. S3B,C ).
For cytosolic aequorin Ca 2+ measurements in the presence of the uncoupling agent carbonylcyanide-p-trifluoromethoxyphenyl hydrazone (FCCP) (Fig. S3A) , cells reconstituted and pre-depleted in EGTA-containing medium (see above) were treated for 5 min before and during the experiment with 1 µM FCCP.
In all the Ca 2+ experiments maximal effective doses of the stimuli (ATP 200 µM, BK 100 nM) were used to avoid the modulating effect on IP 3 R gating exerted by presenilins at low IP 3 concentrations (Cheung et al., 2010; Cheung et al., 2008) , a property that would complicate the interpretation of our experiments.
For cytosolic and mitochondrial aequorin Ca 2+ measurements upon Capacitative Ca 2+ Entry (CCE) activation ( Fig. S3D-E ), cells were pre-treated with the SERCA inhibitor cyclopiazonic acid (CPA, 20 µM) for 6 min in a Ca 2+ -free, EGTA (600 µM)-containing medium; cells were then perfused with the same medium without the inhibitor and challenged with CaCl 2 (5 mM).
For permeabilization, cells were exposed for 1 min to digitonin (100 µM) in an intracellular-like (where ΔR is the change of the cpV-YFP/CFP emission intensity ratio at any time, R 0 is the value at time of drug addition).
Confocal analysis
Cells expressing endoplasmic reticulum (ER)-GFP and mitochondrial (mt)-RFP were analyzed with a Leica SP5 confocal system (DM IRE2) using the Ar/ArKr 488-nm laser line (GFP) and He/Ne 543-nm laser line (RFP). Green and red channel images were acquired independently, and photomultiplier gain for each channel was adjusted to minimize background noise and saturated pixels. Once acquired, images were not modified further.
Manders' and Pearson's coefficient (Adler and Parmryd, 2010; Manders et al., 1993) were calculated on randomly taken, single confocal plane images, applying the ImageJ Co-localization Analysis plug-in. The percentage of mitochondrial perimeter in contact with the ER was calculated with the ImageJ plugin IsoPhotContour2, as previously described (Filadi et al., 2015) . Overlapping signal area (OSA) analyses were carried out on single confocal plane images using ImageJ plug-ins.
A threshold (based on the average intensity value calculated within the entire cell) was applied to each channel, and the overlapping area was normalized to the total area occupied by both signals. In each condition, the OSA value was expressed as fold increase over that measured in control cells.
Immunofluorescence (IF) staining of MYC-tagged PS2 (wt or T122R), endogenous Calreticulin (CRT) and TOM20 was performed as previously described (Filadi et al, PNAS 2015) 
Subcellular fractionation and MAM purification
The homogenate (total lysate) obtained from mouse brains was centrifuged twice at 800g to remove nuclei and debris. After 9000 x g centrifugation, crude mitochondria pellet and a first supernatant were collected. This latter was further centrifuged at 100000 x g to generate the ER/microsome fraction. The crude mitochondrial fraction was uploaded to a Percoll gradient and centrifuged at 100000 x g, separating pure mitochondria and MAMs. The lower band, containing the pure mitochondria fraction, and the upper band, containing the MAM fraction, were collected and further washed to remove Percoll and mitochondria contamination from MAMs (Wieckowski et al., 2009) .
The fractions were then re-suspended in RIPA buffer, separated by SDS-PAGE (35 µg/lane) and immunoblotted with different antibodies.
Preparation of Protein Extracts, Immunoprecipitation assay, protein turnover and Western Blot Analysis
To prepare protein extracts, cellular pellets were solubilized in RIPA buffer(50 mM Tris, 150 mM NaCl, 1% Triton X-100, 0.5% deoxycholic acid, 0,1% SDS, protease inhibitor cocktail, pH 7.5) and incubated on ice for 30 min. Insolubilized material was spun down at 4000 x g for 5 min at 4°C. For immunoblot, the following antibodies were used: α-PS2 C-term (1987-1 Epitomics); α-PS1 (anti-αPS1 loop; 529592 Calbiochem); α-mitofusin 2 (ab50838; Abcam); α-Myc (05-724 Millipore); α-
(8570 Cell Signaling).
The proteins were visualized by the chemiluminescence reagent ECL (Amersham, GE Healthcare, U.K. Ltd.). The intensity of the bands was analyzed using Image J software program.
For immunoprecipitation, 300 µg of protein lysate (or 1 mg of crude mitochondria) obtained with modified RIPA buffer (150mM NaCl, 25mM Tris-HCl, 1% NP40, 0.01% SDS, 0.05% Na-DOC, 1mM Na 2 EDTA, protease inhibitor cocktail, pH 7.4) were pre-cleared by adding 1 µg of irrelevant Figure 4A , the amount of co-IP PS2 (wt or T122R) was normalized to the respective amount of IP Mfn2. Note that IP Mfn2 always runs as a band of sligthly higher MW than that of the input fraction due to the fact that, dissolving IP proteins from beads, also agarose of the beads (and the beads themselves) is partially released in the sample. This procedure leads Mfn2 to slightly change its migration properties in SDS-PAGE.
For Mfn2 protein turnover analysis, 24 h after transfection cells were treated with 50 µg/ml cycloheximide, lysed and analysed by Westen blot at different time points.
CFP-PS constructs
cDNAs for PS1 wt, PS2 wt, PS2-T122R and ECFP were amplified by PCR with specific primers to insert new restriction sites respectively at 5' and 3' of the sequences. After enzymatic digestion, the ECFP and PS fragments were ligated together into the pcDNA3 vector (Invitrogen) to obtain ECFP fused to the N-terminal of PSs.
To obtain Myc-PS2 constructs, cDNA for PS2 wt and PS2-T122R were amplified by PCR with specific primers (forward primer: 5'-CGC GGA TCC ATG CTC ACA TTC ATG GCC -3' and reverse primer: 5'-CCG GAA TTC TCA CAG GTC TTC TTC AGA GAT CAG TTT CTG TTC GAT GTA GAG CTG ATG GGA -3') to insert the Myc-tag at 3' of the sequence. After enzymatic digestion PS fragments were ligated into the pcDNA3 vector (Invitrogen) to obtain the Myc-tag fused to the C-terminus of PS2.
FRAP experiments
FRAP experiments were carried out in Mfn2 -/-MEFS upon transfection with the cDNA encoding CFP-PS (PS1wt, PS2wt or PS2-T122R) and Mfn2 (or the void vector). For control experiments, GFP-sec61β (kindly provided by Gia K. Voeltz) was used as fluorescent protein (Shibata et al., 2008) . 24 h after transfection, cells bathed in mKRB were illuminated on a Leica SP5 confocal system using a 100X/1.4 oil objective and the Argon 458-nm laser line. Images were taken at 5 s intervals (25 s for the pre-bleaching period; 150 s for the recovery period).
The fluorescence intensity of the region of interest, the background and the whole cell fluorescence
were measured with ImageJ and normalized curves were obtained as described previously (Phair et al., 2004) , using the following formula: I norm(t )= [I 2pre /(I 2post (t) −I 3post(t ) )] X[(I 1(t ) −I 3(t) ) / I 1pre ], where (I 1 ) is the fluorescence value of the photobleached region, (I 2 ) is the whole cell fluorescence value, and (I 3 ) is the background value, before (pre) and after (post) bleaching.
The mobile fraction R is defined as R = (F∞ - Table S1 . EM analysis of loose contacts between ER and mitochondria, Related to Figure 2 .
Loose (distances of 50-100 nm, extension of at least 100 nm in which the two membrane proceed in parallel) contacts/mitochondrion observed in wt MEFs transiently expressing, or not, PS2-T122R
(mean ± SEM; n = 491 or 705 mitochondria in control and PS2-T122R over-expressing wt MEFs, respectively, in three independent experiments). The average extension of the contacts were: 235.72 ± 11.18 nm and 270.19 ± 16.58 nm in control and PS2-T122R over-expressing wt MEFs, respectively. 
